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Electromagnetic Ultrasonic Transducer 
Background of th e Invent i on 

BACKGROUND OF THE INVENTION 

Field of the Invention 

rOQOn The present invention relates to an electromagnetic ultrasonic 

transducer for coupling[-]_media[-]_free generation and/or reception of ultrasonic 
waves in the form of linearly polarized transverse waves into-a, and resp e ctivelv from, 
a workpiece having at least one unit that converts the ultrasonic waves inside the 
workpiece. The unit has a coil arrangement for generating, r e spective l y and/or 
detecting, a high-frequency (HF) magnetic field and a premagnetizing unit for 
generating a quasi-static magnetic field which superimposes the HF magnetic field in 
the work piece, with the coil arrangement being disposed in a torusHshaped manner 
on at least one partially toroidal or U-shaped design e d magnetic core which has two 
front ends which can each be turned to face the workpiece. 

[0002] Such type These ultrasonic probes permit generating and receiving 

linearly polarized transverse waves, which preferably are irradiated under the probe 
perpendicularly into the workpiece, r e sp e ctively and are received from this direction 
and oscillate preferably perpendicular to their propagation direction. Technical fields 
of application of such type ultrasonic probes are, for example, nondestructive 
examination of electrically conductive workpieces for material flaws, such as for 
example cracks, in particular crack-like flaws oriented parallel to the polarization 
direction of the ultrasonic waves and perpendicular to the propagation direction, as 
well as other processes based on ultrasonic velocity and polarization, such as for 
example measuring voltage or, in particular, measuring thickness. 

Pr i or Art Description of the Prior Art 

[0003] The coupling[-]_media[-l_free electromagnetic probes known from th e 

stat e of in the art convert electromagnetic field energies into the-elastic energy of an 
ultrasonic wave and inversely. The conversion mechanism is based on the 



2 



interaction between the electromagnetic field and an electrically conducting material 
that mor e ov e r also has a static magnetic field or a quasi-static magnetic field applied 
from the outside which passes through the conducting material . The term "quasi- 
static" magnetic field comprises, in addition to the actual static magnetic field, which 
for example can be generated by means of permanent magnets, also low-frequency 
magnetic fields, whose alternating frequency is much lower than the high frequency 
with which the coil arrangement is operated to generate high-frequency fields. 

[00041 In order to excite ultrasonic waves inside an electrically conducting 

workpiece, at least one part of the high-frequency magnetic field, whose frequency 
range lies within the ultrasonic frequency range, generated by the high-frequency coil 
arrangement,, is coupled into the workpiece, thus inducing eddy currents at skin 
depth A which if superimposed tev-on the "quasi-static" magnetic fields generate 
ultrasonic waves due to the Lorentz forces or magnetostrictions occurring inside the 
workpiece. 

r00051 Detection of ultrasonic waves occurring inside the workpiece occurs 

inversely by detection of the electrical voltage induced inside the coil arrangement 
resulting from high-frequency fields which for their part are generated by the motions 
of electric charges, due to the ultrasonic waves, in the workpiece inside the "quasi- 
static" magnetic field. 

[0006] All prior art electromagnetic ultrasonic transducers are based on the 

common goal of d e v e lopm e nt to optimize optimizing measuring sensitivity and, 
related thereto, the signal amplitudes m-of both the transmission signal as w e ll as 
and in the reception signal that can be generated with the coil arrangements. The 
ai m goal , on the one hand A is to design the coupling mechanism with which the 
generated and to-be-detected high-frequency fields are coupled into and out betwe e n 
of the ultrasonic transducer and the workpiece as loss-free as possible and, on the 
other hand, to select the field strength of the quasi-static magnetic field as large as 
possible, which is decisive for generating and detecting ultrasonic waves. 

fOOOTl German Patent DE 42 23 470 C2 describes a generic electromagnetic 

probe for vertical acoustic irradiation of linearly polarized transverse waves, in which 
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the high-frequency magnetic fields are coupled into and out ofjn a most efficient 
manner between the probe and the workpiece without, as is the case with many 
other probes, placing the transmission and reception coils T (usually designed as high- 
frequency air coils) T directly on the surface of the workpiece. But rather the 
electromagnetic probe of %ure -Fig. 2 described in this printed publication is provided 
with a half-open toroidal tape core 1 , made commercially of amorphous tape 
material, around which a transmission coil 41 and a reception coil 42, respectively, 
are wound. The front ends 2 of the half-open toroidal tape core 1 act as coupling 
areas for the high-frequency magnetic fields and can be placed i n a su i ted mann e r 
on the surface of the workpiece 7 to b e examined workpi e c e 7 . The high-frequency 
magnetic fields generated by the high-frequency transmission coil arrangement 41 
reach A via the front ends 2 of the toroidal tape-core 1 A into the workpiece 7 and are 
able to induce clos e to the surface eddy currents 8 at skin depth inside the workpiece 
7. 

[0008] The quasi-static magnetic field oriented perpendicular to the surface of 

the workpiece 7 required for sound conversion is generated by means of two 
permanent magnets 6 of the same name and conveyed to the material surface of the 
workpiece 7. The premagnetizing unit required for producing the "quasi-static" 
magnetic field that is oriented perpendicular to the surface of the workpiece is located 
inside the open part of the toroidal tap e core 1 . With this arrangement, ultrasonic 
waves with a propagation direction A perpendicular to the surface of the workpiece 
and an oscillation plane S perpendicular thereto develop inside the workpiece. 

1*00091 German Patent DE 41 30 935 A1 describes a probe device comparable 

to this arrangement. However, in this probe device the transmission and reception 
coil arrangement lies directly on the surface of the workpiece to-be-examined 
workpi e ce , which harbors has the danger of coil wear. 

r001 01 German Patent DE 195 43 482 A1 describes a device for testing 

ferromagnetic materials, preferably in the form of pipe lines. However, this device has 
a components setup that differs from the state of the art described in detail in the 
preceding and on which the following is based. 
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Summary of th o Invention 

SUMMARY OF THE INVENTION 

rOOHI Based on the aforementioned state of the art, the obj e ct of th e present 

invention is to further d e v e lop a gen e ric an electromagnetic ultrasonic transducer 
which efficiently generates in such a mann e r that the effici e ncy with which th e 
ultrasonic waves with an improved ar e g e nerated and detection sensitivity are 
d e c i siv e ly improv e d compared to the prior art ultrasonic transducers. Jn particular, 
the obj e ct is to dispos e the coil arrangement is disposed at a distance from the 
surface of the workpiece in order to be able to prevent ru l e out mechanical 
impairment of the coil arrangement. Moreover, the furth e r d e v el op e d ultrasonic 
transducer te-t©~permits generating horizontally polarized ultrasonic waves. 

r00121 A key element of the present invention is to-further d e v e lop an 

electromagnetic ultrasonic transducer for coupling{-Lmedia[-]_free generation and/or 
reception of ultrasonic waves in the form of linearly polarized transverse waves into, 
and respectiv e ly f rom, a workpiece, having at least one unit which converts the 
ultrasonic waves inside the workpiece and which is provided with a coil arrangement 
for generating, r e sp e ctiv e ly and/or detecting, a high-frequency magnetic field as well 
as a premagnetizing unit for generating a quasi-static magnetic field which js 
sup e rimpos e s superimposed upon the high-frequency magnetic field in the 
workpiece, with the coil arrangement being d i spos e d in a torus-shaped manner on at 
least one partially toroidal or U-shaped magnetic core, which has two front ends that 
can be turned to face the workpiece, in such a manner so that the front ends of the 
magnetic core x that can be turned to face the workpiece,. are connected directly or 
indirectly to a magnetic flux guide piece which has a surface facing the workpiece 
and which connects the front ends with one another. 

f00131 Providing such a type-flux guide piece connecting the front ends of a 

magnet core, preferably designed as a toroidal tape core, with each other A permits, in 
particular, coupling[-l_in the high-frequency magnetic fields generated by the coil 
arrangement most efficiently into the workpiece in order to be able, in this manner, to 
generate very distinctive eddy currents at skin depth. For this purpose, the flux guide 
piece has a surface which is-preferably design e d conforms with the surface of the 
workpiece thereby permitting, preferably contour-matching, contacting of the flux 
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guide piece and the workpiece. in a preferred embodiment, the flux guide piece is 
formed as a rectangular rod with a plane surface facing the workpiece. The plane 
surface can be placed flush on an equally plane formed workpiece surface without 
any coupling media. The surface of the flux guide piece facing the workpiece can, of 
course, be produced, depending on the curvature behavior of the to-be-examined 
workpieces, in a surface mold matching the contour of the workpiece. If the 
electromagnetic ultrasonic transducer is to be, for example, utilized preferably for 
examining cylindrical workpiece surfaces, the flux guide piece connecting the front 
ends of the toroidal tape-cores is formed corresponding to the natur e of th e contour. 

f00141 In addition to opt i miz e d coupl i ng - in optimize coupling of the high 

frequency magnetic field into the workpiece surface by means of the flux guide piece, 
the flux guide piece is also able to couple-in the quasi-static magnetic field almost 
without losses into the workpiece. For this purpose, in a typical preferred 
embodiment,, the premagnetizing unit for generating the quasi-static magnetic field 
has th e form of j s_a permanent magnet, which is disposed directly on the flux guide 
piece between the front ends of the toroidal tape-core, which projects beyond the 
permanent magnet. In this case, the flux guide piece acts as a type-concentrator for 
the quasi-static, r e spectively and permanent magnetic field. 

r001 51 In order to prevent eddy currents from developing inside the flux guide 

piece, it is advantageous to make the flux guide piece out of an electrically 
nonconductive carrier material into which a matrix4ike of soft magnetic particles are 
introduced. Alternatively, a stack-shaped arrangement of soft magnetic transformer 
metal sheets can also effectively prevent eddy currents from developing inside the 
flux guide piece. 

r00161 In addition to the aforedescribed invent e d design of an electromagnetic 

ultrasonic transducer whose partially toroidal or U-shaped magnetic core projects 
beyond a single magnetic flux guide piece, with the front ends of the magnetic core 
being closely connected to the single flux guide piece, a second, alternative invent e d 
preferred embodiment of an electromagnetic transducer is provided with at least two 
flux guide pieces disposed side by side in parallel which are connected to each other 
in a bridge-like manner by at least two partially toroidal or U-shaped magnetic cores 
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via their respective front ends. The magnetic cores are situat e d disposed at a 
distance from each other at the opposite end regions of the rod-shaped flux guide 
pieces. This manner of construction permits placing the premagnetizing unit, 
preferably in the form of a permanent magnet arrangement, between the two 
magnetic cores in ajongitudinal direction of the two flux guide pieces without the 
magnetic cores, preferably d e signed as toroidal tape-cores, spanning them as with I s 
th e case in the previously a foredescribed preferred embodiment. As a result, the 
possibilities m-of scaling the dimensions of the permanent magnet arrangement are 
practically unlimited, permitting enlarging the magnetic field strength accordingly. 

r001 71 In addition to the simplest preferred embodiment of the magnetic core in 

the form of a toroidal tap e core wound with at least one coil arrangement, also 
feasible are magnetic cores with an M-shaped magnetic cross section each having 
three free-ending front ends. Compared to the preceding electromagnetic ultrasonic 
transducer arrangement, with such type magnetic cores, three parallel adjacent 
magnetic flux guide pieces can be connected in a bridge-like manner. 

TO0 181 As described in detail further on herein with reference to the following 

preferred embodiments, linearly polarized transverse waves can be generated inside 
the workpiece by suit e d combination of a multiplicity of the aforedescribed ultrasonic 
transducers and triggering of the coil arrangements placed on the magnetic cores in 
a toroidal manner. In particular, corresponding multiple arrangements permit 
generating vertically or horizontally linearly polarized transverse waves. 

r00191 For this purpose the electromagnetic ultrasonic transducers according 

to the present invention as previously described, in the b e ginning can be placed side 
by side in ajnultiple arrangement in order to obtain, on the one hand, a large as 
possible ^transmitting and receiving aperture and, on the other hand, to obtain, by 
means of phase-controlled high-frequency excitation of the individual coil 
arrangements, a selectively settable irradiation characteristic for the ultrasonic waves 
that can be coupled into the workpiece. As will be described further on herein, such 
type arrangements are suited for a phased array arrangement for generating 
horizontally polarized transverse waves (shear horizontal waves) whose propagation 
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direction can be selectively set, which includes with reference to the normals of the 
workpiece surface a variable angle between 0° and 90°. 

Bri e f Description of the Inv e ntion 

BRIEF DESCRIPTON OF THE INVENTION 

r00201 The present invention is made more apparent in the following with 

reference to the accompanying drawings by way of example without the intention of 
limiting the scope or spirit of the inventive id e a invention . 

r00211 Fig. 1j shows an electromagnetic ultrasonic transducer having a 

single flux guide piece T ; 

r0022] Fig. 2_ shows a state-of-the-art electromagnetic ultrasonic 

transducer^ 

[0023] Fig. 3_ shows an arrangement of a multiplicity of single 

electromagnetic ultrasonic transducers according to the embodiment of figur e Fig. 1 T ; 

[0024] Fig. 4_ shows a schematic representation of an ultrasonic wave field 

generated inside a workpiece by the arrangement according to figur e Fig. 3 7 ; 

[0025] Fig. 5_ shows an electromagnetic ultrasonic transducer having two 

flux guide pieces which are spanned jjibridge-like manner by two semi-toroidal 
magnetic cores T ; 

[0026] Fig. 6_ shows a multiplicity of electromagnetic ultrasonic transducers 

according to figur e Fig. 5; and 

r00271 Fig. 7_ shows a cross section of M-shaped magnetic cores A which 

each span in a bridge-like manner three magnetic flux guide pieces. 
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DETAILED DESCRIPTION OF THE INVENTION 
Ways to Carry Out th e I nv e ntion, Commercial App l icabil i ty 

r00281 Figure Fig. 1 shows the simplest preferred embodiment of an 

electromagnetic ultrasonic transducer d e signed according to the present invention, in 
which the-a_partially toroidal ly designed magnetic core is d e s i gn e d configured as a 
halved half toroidal tape-core 1 whose -with two front ends 2 a*e-directly connected to 
a rodJXLshaped flux guide piece 3 having d e sign e d with a rectangular cross section. 
Wound about the halved half toroidal tape-core 1 in a torus[-]_shape d manner is a coil 
arrangement 4, which has two connections connecting contacts 5 . Provided directly 
on the surface 31 of the flux guide piece 3 is a premagnetizing unit 6, which, in the 
preferred embodiment, is d e sign e d as a permanent magnet and has a north pole as 
indicated. The toroidal tape-core 1 projects completely over the permanent magnet 6. 
Also only indicated is the workpiece 7 to be examined with the aid of the 
electromagnetic ultrasonic transducer arrangement and on whose workpiece 
surface 71 , the flux guide piece 3 with its surface 32 facing the workpiece 7 can be 
placed, preferably with a matching its-contour. In this manner, the magnetic field 
generated by means of the permanent magnet 6 enters the workpiece 7 
perpendicularly through the flux guide piece 3 via the workpiece surface 71 . 
Alternatively to the embodiment of the premagnetizing unit in the form of a 
permanent magnet 6, as d e pict e d illustrated in f i gur e Fig. 1 , it i s f e asibl e to d e sign 
the premagnetizing unit may be in the form of an electromagnet whose field lines 
enter the workpiece perpendicular to the workpiece surface in the same manner as in 
the arrangement depicted in fi gure Fig. 1 . However, it is also possible to position an 
electromagnet so in such a mann e r that the magnetic field generated by the 
electromagnet enters the workpiece parallel to the workpiece surface. The effects 
related to such a type-magnetic field alignment is -are described hereinafterm -tfre 
furth e r on h e rein . 

[00291 The electromagnetic ultrasonic transducer shown in figur e Fig. 1 should 

be viewed as an electromagnetic line-transducer which can be operated both as an 
ultrasonic transmitter and an ultrasonic receiver. When transmitting, the conn e cting 
connection contacts 5 are connected to a high-frequency generato r and when 
receiving how e ver the connecting connection contacts 5 are connected to a 
corresponding amplifier and a downstream evaluation unit. Of course, two separate 
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coil arrangements, of which w ith one acts acting as a transmission coil and the other 
acting as a reception coil, can also be provided along a single fralved -half toroidal 
tape-core. 

r00301 Due to the large area contact between the uppeHowerside 32 of the 

flux guide piece 3 and the workpiece surface 71 of the workpiece 7, the high- 
frequency magnetic fields conveyed in the longitudinal direction of the flux guide 
piece 3 couple into the workpiece 7 along the entire longitudinal extension of the flux 
guide piece 3 and generate intensive eddy currents at skin depth. These eddy 
currents, for their part, interact with the quasi-static magnetic field passing through 
the workpiece surface 71 and generate, due to the developing Lorentz forces and 
magnetostrictions, ultrasonic waves with a frequency corresponding to the alternating 
frequency of the high-frequency magnetic fields. Due to the close contact between 
the flux guide piece 3 and the workpiece surface 71 , a higher magnetic flux is 
generated inside the workpiece 7 than is the case with the hitherto known 
electromagnetic ultrasonic transducers, for example as depicted illustrated in figur e 
Fig. 2. In this manner, the e ff e ctivity and the effectiveness of generation of the 
ultrasonic waves and as well as the sensitivity ifhof the reception cas e can be 
increased considerably. 

r003n The preferred embodiment of an electromagnetic ultrasonic transducer 

shown in figur e Fig. 1 , in which the quasi-static magnetic field passes perpendicularly 
through the workpiece surface 71 , permits generating linearly polarized transverse 
waves whose propagation direction is oriented perpendicular to the surface of the 
workpiece and has an oscillation plane oriented perpendicular to the propagation 
direction. 

r00321 Selective excitation of so - called horizontally polarized transverse waves 

(shear horizontal waves) requires, in an as such a_known manner, a premagnetizing 
unit, usually in the form of an arrangement of permanent magnets with an alternating 
polarity whose alternating magnetic fields superimpose a high-frequency magnetic 
field inside the workpiece. Figur e Fig. 3 shows an arrangement designed according 
to the present invention^ for generating horizontally polarized transverse waves, 
which, in the d e pict e d illustrated preferred embodiment, is provided with five parallel 
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electromagnetic line transducers arranged adjacent to each other according to the 
example shown in f i gur e Fig. 1 . It is assumed that the coil arrangements 4, as 
i ndicated illustrated in figur e Fig. 3, on each of the singly dep i cted illustrated 
ultrasonic transducers are designed for generating and as w e l l as for receiving 
ultrasonic waves. If the electrical connections 5 of the individual coil arrangements 4 
for transmitting and receiving are connected at-to separate electronic channels of a 
high-frequency generator, r e spectively and o f a corresponding amplifier, and if the 
individual electronic channels are operated in a t ime-delayed manner in their 
triggering phase, a phased array arrangement which is able to generate and detect 
horizontally polarized transverse waves inside the workpiece - like a group radiator - 
can be rea li z e d achieved w ith the arrangement d e pict e d illustrated in figur e Fig. 3. 
Adjacently disposed ultrasonic transducers operated with a magnetic flux directed in 
the opposite direction in the flux guide piece, thereby generating alternating 
d e v e loping eddy current directions under the adjacent flux guide pieces . This causes 
; which lead to Lorentz forces directed in opposite directions and the related 
magnetostriction directions, and in In this manner gen e rat e shear forces are 
generated to produce horizontally polarized transverse waves inside the workpiece. 

r00331 Suited- Suitable selection of the phase-dependent triggering of the 

individual ultrasonic transducers disposed side by side in a row permits selectively 
setting the direction characteristic of the developing horizontally polarized transverse 
waves, i n such a In this manner that-the main propagation direction of the main lobe 
of the horizontally polarized transverse waves form an angle a, selectable from 0° to 
90° as desired, with the surface normals of the surface of the workpiece. ^Figur e 
Fig. 4 shows an illustrative sketch of a system for o f-generatinq horizontally polarized 
transverse waves with the aid of the ultrasonic wave arrangement d e pict e d illustrated 
in figure Fig. 3. It is assumed that four ultrasonic transducers Si - S 4 are disposed 
side by side at a distance D from each other on the workpiece surface 71 . A current 
pulse is applied to the individual ultrasonic transducers Si - S4 at an interval of At in 
the afo red escribed manner. Due to the phase-delayed application of current to the 
ultrasonic transducers Si - S 4 , horizontally polarized transverse waves develop 
inside the workpiece. These transverse waves have a main propagation direction that 
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forms with the normals of the surface of the workpiece an angle a, for which 

a = sin(Ct*At/D) 

applies. 

[0034] In the above equation q stands represents for the propagation velocity 

of the horizontally polarized transverse wave in the workpieceT. showing in In this 
manner^ that-if all four ultrasonic transducers are triggered phase-synchronously, h&r 
that is At-0, a equals zero so that the horizontally polarized transverse waves are 
irradiated into the workpiece perpendicular to the surface of the workpiece. If the 
individual ultrasonic transducers are operated with a phase-delay of At, during which 
an ultrasonic wave, for example, reaches from an ultrasonic transducer S1 to the 
transducer S2, that is^covers the distance D, the main lobe of the horizontally 
polarized transverse waves developing inside the workpiece forms an angle a of 90° 
with the normals-_of the surface of the workpiece. Depending on the choice of At, the 
main lobe can be swung -varied as desired between 0° and 90° inside the workpiece. 

r00351 The preceding description, which relates to a transmission operation, 

can be transferred inversely also to the reception of shear horizontal waves from a 
workpiece. 

1*00361 Another embodiment of an electromagnetic ultrasonic transducer 

designed according to the present invention is shown in f i gur e Fig. 5. The transducer 
is provided with two magnetic flux guide pieces 3t and 3' disposed in parallel at a 
distance from each other. The upper sides 32 T and 32* of the two magnetic flux guide 
pieces 3 T and 3' are connected to the front ends of the two semi-circular-shaped 
toroidal tape cores 1 T and 1 '. The two magnetic flux guide pieces 3 T and 3' are thus 
connected to each other in a bridge-like manner by the toroidal tape-cores 1 T and 1 \ 
Moreover, the preferred embodiment shown in figur e Fig. 5 has two counter pole 
permanent magnets 6 T and 6' resting on the respective magnetic flux guide pieces 3 T 
and 3\ Triggering the coil arrangements of the individual toroidal tape cores 1 ? and V 
occurs in such a manner that dynamic magnetic fields directed in opposite directions 
are generated in the magnetic flux guide pieces 2 - and 3', leading to causing eddy 
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currents in the workpiece, which are oriented perpendicular to the longitudinal 
extension of the magnetic flux guide pieces 3 T and 3' as well as in opposite 
directions. Due to the opposite poled permanent magnets 6 T and 6', shear forces 
directed in the same direction develop at skin depth inside the workpieces under the 
flux guide pieces, thereby creating linearly polarized transverse waves with ultrasonic 
waves propagating perpendicularly to the surface of the workpiece. Therefore, the 
arrangement shown in figur e Fig. 5 can be vi e wed as considered to be a normal 
probe for generating and detecting linearly polarized transverse waves having a large 
aperture, comparable to the arrangement which has only a single electromagnetic 
line transducer according to the type of setup of the preferred embodiment shown in 
figure Fig. 1. 

r00371 Figur e Fig. 6 shows an arrangement of three normal probes disposed 

side by side according to the basic setup of the ultrasonic transducer depicted in 
figur e Fig. 5. The three normal probes N disposed side by side are switched with 
their respective high-frequency coils 4 in such a mann e r so that in the adjacent flux 
guide pieces, the direction of the dynamic magnetic fields are oriented in opposite 
directions, f ^that is t here is a phase difference of 180° between the directly 
adjacent high-frequency magnetic fields. Due to the in this manner oriented magnetic 
flux of the dynamic magnetic fields being directed in opposite directions, '& 
transmission the eddy currents which are oriented perpendicular to the direction of 
the dynamic magnetic fields are coupled into the surface of the workpiece. If a 
uniform static magnetic field is superimposed, the eddy currents j generate Lorentz 
forces F| directly under the respective flux guide pieces 3. The Lorentz forces F| 
under the adjacent flux guide pieces are directed in opposite directions and therefore 
produce shear forces inside the workpiece thereby generating shear horizontal 
transverse waves. The coil wavelength,, which corresponds to the half oscillation 
wavelength of the SH wave, is determined by the distance between the directly 
adjacent flux guide pieces. The irradiation direction of the shear horizontal waves is 
oriented perpendicular to the individual flux guide pieces 3, indicated by the arrows A 
directed in opposite directions according to figur e Fig. 6. 

r00381 The arrangem e nt embodiment shown in figure Fig. 6 comprises, in 

particular, atee-a selective use of a large-area unipolar magnet 6 which is decisively 
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able to suppress the disturbing Barkhausen noise in the region of the individual 
transducer elements. 

[0039] Figure Fig. 7 shows an arrangement embodiment very similar to the 

arrang e ment embodiment of figur e Fig. 6 for generating shear horizontal waves. 
Contrary In contrast to figure Fig. 6, in figure Fig. 7, the toroidal tap e core segments 
1' are designed in the form of m-shaped coil cores, with two m-shaped coil cores 
each being provided with three flux guide pieces 3, 3 V and 3". The M shaped cores 1' 
include parallel pieces 8 with face front ends 2' and are joined by connection parts 9. 
The coils arrangements provided around the coil cores 1 are switched so in such a 
mann e r that high-frequency magnetic fields directed in opposite directions develop in 
the longitudinal direction of the flux guide pieces located adjacent to each other in 
parallel. Superimposition of the high-frequency magnetic fields by a static magnetic 
field generated by the a unipo l ar permanent magnet 6, which completely covers the 
three normal probes N, and oriented perpendicular to the surface of the workpiece 
over the high-frequency magnetic fields le ads to causes eddy currents directed in 
opposite directions inside the workpiece under the directly adjacent flux guide pieces. 
. th e reby These eddv currents e voking produce Lorentz forces which are also 
directed in opposite directions and , for th e ir part, are responsible for the shear forces 
required to generate horizontally polarized transverse waves. 
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[0040] List of References 

1 toroidal tape-core 

2 front end 

3 flux guide piece 

31 t and 32 surfaces of the flux guide piece 

4 coil arrangement 

41 transmission coil 

42 reception coil 

5 electrical contacts 

6 permanent magnet 

7 workpiece 

8 eddy current 
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Abstract 

Disclosed is an An electromagnetic ultrasonic transducer for coupling-media-free 
generation and/or reception of ultrasonic waves in the form of linearly polarized 
transverse waves in a. resp e ctiv e ly and f rom a workpiece is disclosed , having at 
least one unit which converts the ultrasonic waves inside the workpiece and which is 
provided with a coil arrangem e nt f or generating, r o sp e ctiv e ly and/or detecting a high- 
frequency magnetic field and a s w e l l as with a premagnetizing unit for generating a 
quasi-static magnetic field which superimposes upon the high-frequency magnetic 
field in the workpiece , with th e _The coil {^ arrangem e nt b e ing disposed in a torus- 
shape d manner on at least one partially toroidal or U-shaped magnetic core, having 
which each has two front ends which can be turned to face the workpiece. 

Tho inv e ntion is distinguished in that thel fae front ends of the magnetic core z which 
can be turned to face the workpiece., are connected directly or indirectly to a 
magnetic flux piece which has a surface which fac e s facing the workpiece and which 
connects connecting the front ends with each other. 



